Vaccination rates among United states (Us) adults are suboptimal, resulting in morbidity, mortality, and financial burden attributable to potentially vaccine-preventable diseases (VPDs). Unadjusted annual incidence proportions of VPDs were estimated for Medicaid and commercially insured adults aged 19-64 years using 2006-2010 claims, along with age/gender-adjusted incidence proportions for 2010. In 2010, 1.6 million Medicaid adults (mean age 34 ± 12 years; 73.4% female) and 33 million commercially insured (mean age 42 ± 13 years; 52.2% female) were included. Age/gender-adjusted incidence proportions (per 100 000) in 2010 among Medicaid vs commercially insured adults for meningococcal disease were 26.2 (95% cI 22.9-29.8) vs 2.0 (1.9-2.2) (P < 0.001); hepatitis B 88.9 (82.6-95.6) vs 17.5 (17.0-17.9) (P < 0.001); pneumococcal disease 98.2 (91.7-105.1) vs 21.1 (20.7-21.6) (P < 0.001); hepatitis A 19.8 (16.9-23.1) vs 4.5 (4.3-4.7) (P < 0.001); mumps 2.1 (1.3-3.3) vs 1.4 (1.3-1.6) (P = 0.14); measles 0.3 (0.1-1.0) vs 0.3 (0.2-0.3) (P = 0.38); herpes zoster (60-to 64-year-olds only) 459 (408-515) vs 473 (466-481) (P = 0.35); varicella (19-to 39-year-olds only) 6.5 (4.8-8.5) vs 8.0 (7.5-8.5) (P = 0.12); influenza 586 (573-598) vs 633 (631-636) (P < 0.001); and pertussis 1.8 (1.1-2.8) vs 3.2 (3.0-3.4) (P < 0.001). Research is needed to fully understand the causes of the disparity of the coded incidence of some VPDs in adult Medicaid population than commercially insured adults in the Us.
Although vaccines are one of the greatest public health achievements, millions of United States (US) adults do not receive recommended vaccinations. 1 For example, the Centers for Disease Control and Prevention (CDC) estimated that, in 2011, only 13% of people aged 19-64 y had received Tdap (tetanus, diphtheria, and acellular pertussis) since it was licensed in 2005, and only 16% of those aged ≥60 y had been vaccinated against herpes zoster.
2 It has been estimated that 40 000-50,000 adults die annually from potentially vaccine-preventable diseases (VPDs) in the US, 1 and that the financial burden of adult VPDs in the US is at least $10 billion annually. 3 Barriers to vaccination in the US include lack of patient awareness of vaccine availability and risks of contracting VPDs; lack of physician knowledge about adult vaccination recommendations and of appropriate recommendations from physicians to patients; financial barriers for patients and reimbursement issues for medical practices; failure to update vaccinations during office visits; logistics issues at the office level (e.g., limited refrigerator/ freezer space and up-front vaccine costs); and a variable supply of vaccines. 1, [4] [5] [6] [7] [8] The 2010 Patient Protection and Affordable Care Act 9 may remove some of these barriers and increase the use of preventive services in the US. 10 Under healthcare reform, commercial insurers are required to provide first dollar coverage for vaccines, but for Medicaid, the requirements are unclear and may not be determined.
There are no published papers reporting VPD incidence proportions among adults covered by Medicaid and those who are commercially insured using similar methodologies. This analysis attempts to quantify the incidence proportions of various VPDs in these 2 insured populations, which will serve as baselines for evaluating the impact of Affordable Care Act in these populations. Table 1 contains population demographics as mean values over the 5 y and for 2010 alone. Demographics for each annual sample were similar within the commercially insured and Medicaid populations (data not shown). Compared with the commercially insured population, the Medicaid population was on average younger (mean age 34 ± 12 vs 42 ± 13 y) and included more females (74.1% vs 52.3%) over the 5 y ( Table 1) .
Results

Populations
Unadjusted and age/gender-adjusted results for 2010 Unadjusted and age/gender-adjusted (to the US 2010 census 11 ) incidence proportion results for 2010 are shown in Table 2 .
Adjusted incidences of varicella, herpes zoster, measles, and mumps were not significantly different between the 2 populations; but incidences of pneumococcal disease, meningococcal disease, hepatitis A, and hepatitis B were significantly higher in the Medicaid population, while incidences of influenza and pertussis were significantly lower.
Unadjusted results (5-y mean values) Mean unadjusted VPD incidences over the 5 y (or 4 influenza seasons) are shown in Table 3 . The highest incidences were for herpes zoster (50-64 or 60-64 y only) and influenza, while there were few cases of measles and mumps. Unadjusted mean incidences of many of the VPDs were similar in the Medicaid and commercially insured populations, but incidences of pneumococcal and meningococcal diseases, hepatitis A, and hepatitis B were higher in the Medicaid population. Table 4 and Table 5 show mean 5-y unadjusted VPD incidences stratified by age and gender for the Medicaid and commercially insured populations, respectively. Pneumococcal disease, meningococcal disease, hepatitis A, and hepatitis B incidences increased with age in both populations. Incidences of influenza, herpes zoster, and pertussis were higher among females than males in both populations; while incidences of hepatitis A and hepatitis B were generally higher among males than females.
Unadjusted results per year Figure 1 shows how the incidences of the different VPDs varied over the 5 y (4 influenza seasons) of the study. Influenza had the largest variation between years. Absolute patient numbers, incidences per 100 000 and 95% CIs for each year in the Medicaid and commercially insured populations are shown in Table S2 and S3, respectively.
Discussion
This analysis, which quantifies the incidences of diagnostic codes for the various VPDs among Medicaid and commercially insured populations, found an appreciable burden of many VPDs in both populations. Compared with 2010 national notifiable disease incidences reported by the CDC, 12 we identified similar incidences (per 100 000) of pertussis (adjusted Medicaid and commercial [ages Our results are different from those from the CDC because the methodology used to capture the CDC rates is different to ours; for example the CDC can only count reported cases (and reporting of notifiable diseases is likely incomplete 13, 14 ) , and the CDC do not count 'probable' cases for measles, hepatitis A, hepatitis B, or pneumococcal disease, 12 while we relied on the accuracy of coding in administrative claims databases.
Herpes zoster is not a notifiable disease, but our results (roughly 400-600/100 000 in Fig. 1 ) are in a similar range to incidence rates derived from outpatient claims from over 10 million insured persons from MarketScan ® databases, where incidences of herpes zoster among the relevant age groups were 340-830/100 000 during 2006. 15 Our results are also in a similar range to those from the placebo groups of 2 large, prospective herpes zoster vaccination trials (1079/100 000 among 60-to 69-y-olds during 1998-2004 16 and 657/100 000 among 50-to 59-y-olds during 2007-2010 17 ). Our influenza results are similar to those from a 2009-2010 study of over 200 000 adults, of whom 8.1% self reported influenza-like illness. 18 Of these, 40% reported seeking healthcare, and 26% of those who sought healthcare reported receiving a diagnosis of influenza, 18 for an incidence of around 840/100 000; roughly similar to our incidence of around 600/100 000 in 2010.
Our age/gender-adjusted results from 2010 showed that incidences of VPDs for which vaccination was only recommended for adults with risk factors (pneumococcal and meningococcal diseases, hepatitis A, hepatitis B) were higher in the Medicaid population, while incidences of most other VPDs were higher among commercially insured patients. The reasons for the differences in incidences between the 2 populations are unclear. Because of the large difference in the distribution of age and gender between commercially insured and Medicaid populations, we adjusted for age and gender while comparing the VPD incidence. Differences in VPD incidence between the 2 populations remained after the adjustment, which suggest other factors have played a role. Examples of such factors could include access to healthcare, occupation, life style, risk behaviors, nutritional status, personal hygiene, characteristics of residence, and presence of chronic medical conditions as well as others. Information on most of these factors is not available in the administrative claims databases and cannot be assessed in this study. Another potential explanation for the higher incidences of some VPDs among Medicaid adults, and vice versa, could be lower vaccination rates in one of the populations. Higher rates of vaccination, in accordance with ACIP recommendations, would help reduce VPD burden and the associated mortality, morbidity, costs to the healthcare system, and diminished productivity. 1 According to surveys of insurance companies and Medicaid programs, a vast majority of Medicaid programs and private insurance cover all ACIP recommended vaccines. Depending on the programs enrolled in, enrollees may be requested to pay a copay or deductible to get a vaccine. Because the database does not contain information on the cost-sharing structure of individual plans, we are unable to assess its impact on vaccine coverage Possible differences in geographic distribution between the Medicaid and commercially insured populations may also account for the differences in the VPDs because infectious diseases are not randomly distributed across the US. However, per data use agreement, information on geographic residence of Medicaid enrollees is not accessible to the study team. Thus, the effect of geographic differences cannot be explored.
There is a general consensus that vaccination rates can be increased in both Medicaid and privately insured populations. 19, 20 Many strategies and mechanisms aiming at improving vaccination rates are being designed and tested, such as utilizing health information technology to send reminders to both providers and enrollees, reducing or eliminating patient copayment, and using of combination vaccines. [21] [22] [23] On the other hand, insufficient Medicaid reimbursement for vaccination and counselling to healthcare providers, insecure vaccine supplies, and financial risk of stocking vaccines has been cited as the top barriers and need to be addressed as well. 
21,22
Limitations and strengths
There are limitations with the use of any claims databases. We relied on the use of International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnostic codes to identify individuals with the different VPDs and did not have access to medical charts or laboratory results to confirm the diagnoses. Furthermore, although the ICD-9-CM patient diagnostic coding system is often used in claims database research, this can be problematic because billing personnel may use more global and unspecified codes; 23, 24 and this type of diagnostic information may not always be reliable or valid. 23 As noted above our results differ substantially in some disease states in incidences determined by other methodologies, so there are methodological issues that need to be considered in interpreting the disparate data. To minimize the misidentification of VPDs via ICD-9-CM codes, we conducted an extensive search of published literature and compiled a list of ICD-9-CM codes used in previous studies to identify VPD cases. 15, [25] [26] [27] [28] [29] [30] [31] [32] Two clinicians reviewed and finalized the list ICD-9-CM codes for the identification of VPD cases in this study. In addition, the diagnostic codes do represent the claims against the 2 types of health plans for the diagnosis, treatment, and care of VPDs, and therefore provide important information on the use of inpatient and outpatient care. However, we recognize that this study has not identified all VPDs in the 2 populations, as individuals would have to seek medical care and/ or treatment for their condition to be counted, and milder cases may not be reported; and the utilization of healthcare by these different populations may be influenced by the severity of illness. Also, some VPD cases may be cared for outside the plan system. Furthermore, while we classified the diseases as vaccine preventable, it is recognized that not all the diseases can be avoided and vaccines are not universally effective.
To reduce impact the probable miscoding of zoster and varicella on the validity of our findings, we reclassified a subgroup of patients (i.e., patients aged ≥40 y, immunocompromised, or with post-herpetic neuralgia) initially coded as having varicella to cases with herpes zoster; and did not include the cases (14 in Medicaid and 125 in commercial) that were dual coded with both varicella and herpes zoster on the same day in the incidence estimation of varicella or herpes zoster. In addition, we did not consider the claims with an ICD-9-CM 'diagnosis' of a VPD and a vaccination code for the same VPD on the same day toward a VPD event since the claims were probably related to vaccination. The reclassifcation of claims may have resulted in an underestimation of the true disease burden, but the effect on both populations should be similar and the comparison between the populations should still be valid.
During the years of the study, measles, mumps, pneumococcal, meningococcal, influenza, hepatitis A, and hepatitis B vaccines were only recommended for adults with a risk factor in some or all age groups. [33] [34] [35] [36] As it was not possible to determine who had the relevant risk factors, we included all eligible enrollees in the analysis. It is possible that the proportions of people with such risk factors were different between the Medicaid and commercially insured populations.
Another limitation is that the confounding factors between individuals with Medicaid and commercial insurance cannot be fully adjusted while comparing the incidence of VPDs. Because the selection of insurance type was mainly based on income, Medicaid population may differ from commercially-insured population in many aspects, such as living conditions, access to care, and education level which cannot be assessed in the claims data. Also, the length of continuous enrollment in each type of insurance may be different. There is also a lack of knowledge of vaccination coverage rates in these different populations, making the proportions of susceptible patients in the 2 populations unknown. Since we only adjusted results for age and gender, there are likely other confounding factors that were not taken into consideration due to data limitations.
Another clinical issue that remains unclear from this study is that the incidence of some diseases in the 2 population is as high as 4 to 10 times different. These differences would be unlikely in populations living in a similar geographic area and having no extreme lifestyle.
Although our study included around 7% of the 24 million adults aged 18-64 y covered by Medicaid 37 and approximately 21% of the 132 million commercially insured adults aged 18-64 y in the US, 38 the findings may not be generalizeable to all Medicaid enrollees and commercially insured individuals. Also, we had access to Medicaid data from 12 US states. Each state has its own Medicaid eligibility criteria and coverage; there may be variations within the Medicaid cohort concerning provider access, co-pays, formularies, regional practice patterns, characteristics of the Medicaid population and other factors that vary across states and Medicaid plans. 23 However, the strength of this study is that it is the first to examine VPD incidences in Medicaid and commercially insured populations using the same methodology for both populations. In addition, we examined data over 5 y in a very large population and the incidences of VPDs are based on claims data and can be used to estimate the economic burden to the healthcare system.
Conclusions
This study demonstrates sizeable incidences of VPDs in Medicaid and commercially insured populations, with higher incidence proportions of meningococcal disease, pneumococcal disease, hepatitis B, and hepatitis A in the Medicaid population after adjustment for age and gender differences using the methodology in this study. If these findings are confirmed the information will be useful for public health authorities to formulate future public health policies to target specific vaccinations among adults who are not vaccinated in the 2 populations.
Materials and Methods
The objective of this study was to estimate VPD incidence proportions among Medicaid and commercially insured adults. The primary endpoint was the age/gender-adjusted incidences of VPDs in the 2 populations; secondary endpoints were the unadjusted incidences of VPDs overall and in different age/gender groups.
Populations VPD incidences in Medicaid and commercially insured adults aged 19-64 y (inclusive) were examined in this cross-sectional study using data from the Truven MarketScan ® Medicaid and commercial databases, which are constructed from paid medical and prescription drug claims. The Medicaid database represents 12 states and contains the pooled healthcare experience of approximately 13 million enrollees. The commercial database represents private sector health data from approximately 100 payers (i.e., large employers, health plans, and government and public organizations) and contains the pooled healthcare experience of approximately 126 million enrollees. We identified enrollees aged 19-64 y from both databases for the years 2006-2010; for the Medicaid population, we excluded those dually eligible for Medicare.
All data were de-identified and Health Insurance Portability and Accountability Act compliant. As no patient-identifiable information was used for this study, no Institutional Review Board approval was required.
VPDs The VPDs studied -influenza, pertussis, varicella, herpes zoster, measles, mumps, pneumococcal disease, meningococcal disease, hepatitis A, and hepatitis B-were chosen based on the recommendations for adult vaccinations from the Advisory Committee for Immunization Practices (ACIP). 36 During the timeframe encompassed in this analysis, some vaccinations (influenza, measles, mumps, pneumococcal, meningococcal, hepatitis A, and hepatitis B) were only recommended for adults with risk factors (e.g., medical, occupational, lifestyle) in Table 4 . 1 We calculated incidences among those aged 15-64 y from published cases and incidences among those aged 15-24, 25-39, and 40-64 y. There may therefore be some inaccuracies, especially for diseases with low numbers of cases.
some or all age groups, [33] [34] [35] [36] but since these factors could not be determined from the databases, we analyzed data of all eligible adults.
Each case of a VPD was identified in the database using ICD-9-CM diagnosis codes ( Table S1 ). The primary and first secondary diagnosis codes were used to identify VPDs. Claims with an ICD-9-CM "diagnosis" of a VPD on the same day as a Current Procedural Terminology vaccination code for the same VPD were not counted as a VPD event since such claims were possibly related to vaccination rather than true VPD cases. Claims with an ICD-9-CM "diagnosis" of a VPD and a laboratory code without subsequent claims for confirmation of diagnosis or clinical treatment were not counted as VPD cases either.
Patients were eligible to be in the numerator (i.e., have a VPD event) if they had 1 y of continuous coverage prior to their diagnosis, to ensure that it was an incident occurrence of the condition. Patients were eligible to be in the denominator if they had 1 mo of coverage during the study year.
Herpes zoster immunization is licensed for use among those aged ≥50 y, but only recommended for those aged ≥60 y. Therefore, we analyzed incidences among those aged 50-64 and 60-64 y, respectively. Due to the possibility of miscoding for diagnoses of varicella and herpes zoster, 39 patients aged ≥40 y with a diagnosis of varicella were reassigned to herpes zoster, as were younger people who were immunocompromised (human immunodeficiency virus, cancer, organ transplant recipient, rheumatoid arthritis, inflammatory bowel disease, lupus, multiple sclerosis, or psoriasis) or had post-herpetic neuralgia. Patients aged ≥50 y who were reassigned to herpes zoster were included in the respective age group analyses. Patients aged <40 y without immune compromise or post-herpetic neuralgia kept their original diagnosis code. If a patient was coded for both varicella and zoster (on different dates), only the earliest VPD was included (using the algorithm listed above). If a patient was coded for both varicella and zoster on the same date, they were not included in the numerator for the incidence estimation or both diseases.
Statistical analysis
For all VPDs (except influenza), cases were identified from the first occurrence of the disease for a patient; and VPD incidences were calculated by dividing the number of patients with the disease by the eligible population and multiplying by 100 000 to produce yearly incidences per 100 000. The incidences for influenza are reported for each influenza season, which was taken to be from July 1 to June 30, as influenza strains vary by year and patients may develop influenza in separate years. Only one influenza event was counted per patient for each influenza season.
To make the results more comparable between the Medicaid and commercially insured populations, we calculated age/ gender-adjusted incidences estimates using the US Census population in the year 2010 11 as the standard. This was done by dividing the Medicaid and commercially insured populations into 8 groups (males and females aged 19-34, 35-44, 45-54, and 55-64 y) and extrapolating the VPD incidences to the numbers of people in these groups from the 2010 US census.
11
Ninety-five percent confidence intervals (95% CIs) for unadjusted incidences were calculated using a standard method for proportions. 40 Due to the small number of cases of studied VPDs, 95% CIs of age/gender-adjusted incidences were calculated using a method based on the gamma distribution, 41 except for 95% CIs for the incidence of influenza, which were calculated using a method based on the normal distribution 42 since the number of cases was large and the variance was small. The incidences in the 2 insured populations were compared using two-sided tests and P values were calculated using methods described in Rothman and Greenland. 43 A difference Table 5 . Mean VPD incidence proportions (per 100 000) over the 5 y (4 influenza seasons) by age range and gender for commercially insured patients with a P value ≤ 0.05 was considered statistically significant. Assumptions of statistical methods were validated prior to applying the methods to the VPD incidences. 
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